Nosocomial or hospital acquired pneumonia (HAP) is an illness contracted during a hospital stay, generally with onset 48 hours or more after admission to hospital, or within 14 days of discharge from hospital. HAP is divided into subgroups: Ventilator-associated pneumonia (VAP), accounting for 86% of hospital acquired pneumonia, and strokeassociated pneumonia (SAP). The incidence of SAP in neurological intensive care units (NICUs) is 4.1-56.6%, in medical intensive care units (MICUs) it is 17-50%, in stroke units it is 3.9-44% and in rehabilitation it is 3.2-11%, whereas in intensive rehabilitation following severe cranial trauma, the reported incidence of HAP is between 3.9 and 12% of cases. The aim of this study is to evaluate the cases of HAP occurring in a continuous series of patients with severe acquired brain injury (sABI) admitted to intensive rehabilitation units. The data collected can help evaluate the growing complexity of early rehabilitation of these patients, starting from how lung infections interfere with hospital stays and rehabilitation outcomes.
Introduction
Nosocomial or hospital acquired pneumonia (HAP) is an infection contracted during hospital stays, generally with onset 48 h or more after admission or within 14 days of discharge, that was not already present or in incubation at the time of entering hospital [1] [2] [3] [4] [5] [6] [7] . HAP, with an incidence of 15-20%, is the second leading type of nosocomial infection after urinary tract infections [1, 2, 4] . It is one of the causes of death due to hospital infections and one of the leading causes of death in patients hospitalized in intensive care [1, 4] . The most critical risk factors are mechanical ventilation >48 h (HAP incidence: 9-40%), duration of hospital stay, severity of the underlying pathology, APACHE score, and presence of coexistent pathologies [7] .
Among patients with stroke, pneumonia is one of the most common respiratory complications, affecting between 5% and 9% of patients [8] [9] , while its frequency is much higher, 21%, among subjects admitted to neurological intensive care units (NICUs) [10] [11] . For patients with severe brain injury the frequency of pneumonia as a complication becomes even higher, affecting around 60% of subjects, owing to prolonged periods in the prone position with attendant risk of inhalation of gastric contents [12] .
HAP is divided into the subgroups of ventilator-associated pneumonia (VAP), accounting for 86% of hospital pneumonia cases [5] and Original Article stroke-associated pneumonia (SAP). SAP cases are classified as earlyonset (within 5 days of admission, often within 48 hours of the stroke), late-onset (more than 5 days after admission), and chemical aspiration and infectious ones [13] . This last group accounts for 10-50% nosocomial pneumonia cases and comprises: 1) chemical aspiration pneumonitis -Mendelson's syndrome, 2) aspiration pneumonia and 3) other clinical aspiration syndromes [13] . The current incidence of VAP is estimated at between 9% and 27% of all intubated patients [14] and ranges from 2 to 16 episodes per 1000 days of ventilation. The longer the duration of the ventilation, the higher the risk of infection, with an attributable mortality of between 3% and 30% [14] [15] . The incidence of VAP in patients with severe brain injury is high, with a frequency ranging from 30% to 50% of cases [14, [16] [17] . SAP is implicated in increases in morbidity and mortality, and in the rise in health care costs. The annual cost of SAP in the US is estimated at approximately 459 million dollars [18] . The incidence of SAP in NICUs is approximately 4.1-56.6%, in medical intensive care units (MICUs) it is 17-50%, in stroke units 3.9-44% and in rehabilitation it is 3.2-11% [18] , whereas in intensive rehabilitation following severe cranial trauma, the reported frequency of HAP is 12% [19] .
The term "severe acquired brain injury" (sABI) means a brain injury resulting from head trauma or other causes (cerebral anoxia, haemorrhage, etc.) that causes a condition of coma -Glasgow Coma Scale (GCS)=/<8 for more than 24 h -and sensory-motor, cognitive or behavioural impairments entailing a severe disability [20] .
The present observational prospective cohort study evaluates, in patients with sABI on first admission to the specialist intensive rehabilitation unit in Fontanellato (province of Parma) and Porto Potenza Picena (province of Macerata, Italy) the frequency of HAP and its impact on patient outcomes and on complexity of care. It includes subjects admitted starting from 1 January 2015 and discharged within 31 December 2015.
As a secondary endpoint, we also evaluate the antibiotic treatments used and the microbiological data of the infections. We moreover attempt to assess the impact of the pneumonia on the hospitalization, in terms of prolonged duration and possible complications. Finally, we compare the evaluation scores of patients with HAP to those of the subjects who did not present pneumonia, but were admitted with the same pathologies, to evaluate possible variations.
Materials and Methods
The prospective study enrolled, during the year 2015, and following the informed consent of the patient and/or relatives, all consecutive patients with sABI coming from acute injury units who were being admitted for the first time to the Santo Stefano Rehabilitation Institute of Fontanellato and Porto Potenza Picena (Italy) and who did not present HAP on admission.
We subsequently separated the group that developed HAP during the stay in the rehabilitation unit from the patients with the same admission pathology but who did not develop pneumonia, using the latter as the control group. The patients suspected of HAP presented malaise, fever, chills, stiffness, cough, dyspnoea, chest pain, increased heart and/or respiratory rate or altered respiratory parameters, such as increased purulent secretions or a worsening of hypoxaemia. To diagnose the HAP, patients underwent examinations such as chest X-ray, where possible, micro bronchoalveolar lavage (BAL), bronchial aspirate (BA), haemoculture and haematochemical tests such as complete blood count, procalcitonin and C-reactive protein (CRP). All consecutive patients were enrolled, of either sex, and of any age or nationality; for each subject we recorded the unit of provenance, the date of onset of the acute event, and the date of admission to rehabilitation. The term "severe brain injury" denotes: a cerebral pathology of any type, presenting with an initial period of coma (with GCS =/<8) lasting more than 24 h [20] .
The collected data also included whether the patient had received antibiotic treatment at the previous unit, and whether any multi-drug resistance (MDR) bacteria were isolated. The dominant pathology and all other comorbidities of the patient were recorded, to obtain an exhaustive picture of the illnesses in progress and any pre-existing ones. We further recorded whether the patient, upon admission to and discharge from the rehabilitation unit, presented respiratory insufficiency, was undergoing invasive or non-invasive mechanical ventilation, had a tracheotomy, was receiving oxygen therapy, carried a percutaneous endoscopic gastrostomy (PEG) or nasogastric (NG) tube, or suffered from critical illness neuropathy. The patient's condition (bedridden, able to sit, or able to stand) at the onset of pneumonia was recorded, along with the date of onset of the pneumonia, its type (HAP, SAP or VAP) and extent (monolateral or bilateral). We also noted whether the pneumonia was connected to difficulties in swallowing and hence of ab ingestis origin. The antibiotic therapy used for the infection was noted, including any changes made in cases of non-success, and the duration of each antibiotic treatment. We recorded the number of days when rehabilitation exercises were skipped, the duration of the hospital stay in days, and the manner in which the patient was discharged: normally discharged, transferred to acute unit due to complications linked to pneumonia, or deceased in the rehabilitation unit or in the acute unit to which the patient was transferred. For the pneumonia cases, we recorded the microbiological data obtained from the culture tests (microBAL, BA and haemoculture), the haematochemical data, if available, at the onset and resolution of the pneumonia such as CRP, procalcitonin (PCT) and white blood cell (WBC). Finally, we noted the scores on the various scales selected for evaluating the patient's activity, participation and quality of life, such as Levels of Cognitive Functioning (LCF) [21] [22] [23] , Disability Rating Scale (DRS) [22] [23] [24] [25] [26] [27] [28] [29] and Barthel Index [30] [31] [32] [33] [34] .
The Operating Units apply protocols drawn up by the Hospital Infection Committee (HIC) setting out all the recommendations to follow to prevent infections during hospital stays, including pneumonia.
To this end, all measures for preventing infections are put into effect, such as managing contacts and isolation of the patient, where necessary, respiratory physiotherapy manoeuvres aimed at preventing stagnation of bronchial secretions, management of the tracheal tube and of pulmonary ventilators. Moreover, another HIC protocol is adopted for treating the infections themselves, with criteria for deciding whether to start a therapy, how to select an empirical therapy pime pime pime pime p pi im me e EDITRICE 
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During 2015, among subjects admitted to the intensive neurological rehabilitation units, the incidence of HAP was 13.1%, affecting 8 of the 61 admitted patients. Only 1 pneumonia case was tied to invasive mechanical ventilation (IMV) and all presented with monolateral extent; in addition, 1 of the pneumonia cases was linked to ab ingestis problems (12.5%). The patients who presented pneumonia were bedridden (7 patients), able to sit (7 patients), and able to stand (3 patients). The following antibiotics were used as anti-infective therapy: piperacilllin/tazobactam (1 patient), meropenem + gentamicin (4 patients), meropenem + levofloxacin (1 patient), meropenem + linezolid (1 patient) and finally meropenem + gentamicin + linezolid + colistin + tigecycline (1 patient). Out of the 8 pneumonia cases, it was possible to isolate the bacteria in 6 subjects (75% of cases) through BA (3 cases) and BAL (3 cases).
The identified microorganisms were K. pneumoniae, in 2 patients, P. aeruginosa in 1 patient, P. mirabilis in 1 patient, S. maltophilia in 1 patient, E. cloacae + MRSCoN in 1 patient; all the microorganisms presented MDR. The days of skipped rehabilitation exercises for the patients who contracted pneumonia were on average 13.1 (SD ± 34.64, min 0, max 49).The haematochemical tests performed as reference for the infectious process such as CRP, PCT, and WBC showed an improvement in the parameters from onset to the resolution of the pneumonia (Table 6) .
With respect to hospital stay duration, the pneumonia prolonged the period spent in the rehabilitation unit by a few days, as reported in Table 7 . Analysing the data for the outcomes of the pneumonia group, 75% of patients were transferred urgently to acute units for complications linked to the pneumonia (4 patients), while another 2 were transferred for other complications. These patients, on resolution of the acute problem, were re-admitted to the rehabilitation units, without while awaiting culture results, how to monitor the progress of therapies and how to decide whether to suspend or modify them, monotherapy vs polytherapy.
Results
From 1 January to 31 December 2015, we followed 61 consecutive patients admitted to the specialist unit for severe brain injury of the Cardinal Ferrari Centre of Fontanellato and to the sub-intensive rehabilitation unit for severe acquired brain injury of the Santo Stefano Rehabilitation Institute of Porto Potenza Picena: 39 males and 22 females, average age 59.5 years, coming from critical care (n=52), medical units (n=5), neurosurgery (n=3) and surgical units (n=1) ( Table 1 ). Of the 61 admitted patients, 57 subjects (93.44%) had received antibiotic therapy in the unit of provenance, and the transfer letter reported isolation of an MDR bacterium in 40 cases (61.27%).
The microbiological data provided in the letters of transfer to rehabilitation indicated a prior isolation of 64 microorganisms, of which 19 Gram-positive (29.69%) and 45 Gram-negative (70.31%). In detail, the most commonly isolated bacteria were Klebisella pneumoniae (16 patients), Pseudomonas aeruginosa (12 patients), Methicillin-Resistant Staphylococcus aureus (MRSA) (9 patients), Escherichia coli (6 patients), Acinetobacter baumannii (5 patients) ( Table 2 ). All the reported bacterial exhibited MDR. The causes which led to hospitalization are reported in Table 3 . The clinical conditions of the subjects on arriving at the rehabilitation unit are reported in Table 4 . Although the average age of patients was not high (50.2 years), numerous subjects presented comorbidities (Table 5) . pime pime pime pime p pi im me e EDITRICE Original Article being entered as new cases. The 2 patients discharged normally in any case had an average hospital stay of 217.5 days, which is still less than the average for the subjects who did not contract pneumonia, so clearly the data is not significant owing to the small size of the sample. In the control group, 42 patients (80%) were discharged normally, 8 subjects were transferred to other units for complications (15.55%) and finally 3 died during the hospitalization (5.45%). Note that 1 patient was transferred due to acute clinical problems 8 days after admission to the pime pime pime pime p pi im me e EDITRICE Table 2 . Microorganisms isolated during hospitalization prior to rehabilitation. Original Article
Pneumonia group Control group Total
Klebsiella pneumoniae 3 1 3 1 6 Pseudomonas aeruginosa 0 1 2 1 2 Methicillin-Resistant Staphylococcus aureus (MRSA) 1 8 9 Escherichia coli 1 5 6 Acinetobacter baumannii 1 4 5 Staphylococcus spp Methicillin-Resistant Coagulase Negative (MRCoN) 0 4 4 Enterococcus faecalis 0 3 3 Serratia marcescens 0 2 2 Streptococcus pneumoniae 2 0 2 Citrobacter spp. 0 1 1 Enterobacter aerogenes 1 0 1 Enterococcus faecium 0 1 1 Haemophilus influenzae 1 0 1 Neisseria meningitidis 1 0 1 Proteus mirabilis 0 1 1
Conclusions
The data collected over this first year of observation provides various insights and points for reflection. The first finding is that, compared to the literature data [18, 19] , there was a slight increase in the number of HAP cases, although this result clearly needs to be further confirmed and monitored in the coming years.
rehabilitation unit, and died at the acute unit where he was transferred. Table 8 shows, for each of the 2 groups, on admission and discharge, the number of patients with a tracheotomy, PEG or NG tube, which are indicators of complexity and outcomes.
Finally, we report the scores on the various scales employed to evaluate patient activity (LCF), participation (DRS) and quality of life (Barthel Index), subdivided into control and pneumonia groups Table 9 ). pime pime pime pime p pi im me e EDITRICE 
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The collaboration with the acute units from which patients were transferred allowed us to map the microorganisms isolated in the patients, confirming the bacterial aetiology, complicated with MDR strains, of the infections that these delicate patients contract during hospital stays, with bacteria that are selected by the repeated antibiotic treatments that such patients undergo. This finding is further confirmed by the microbiological isolations at the onset of HAP, with findings of MDR bacteria that required multiple antibiotic treatments, in the attempt to eradicate them, but which in the majority of cases (75%) caused a worsening of the patient's condition, with the need to retransfer the subject to the acute unit.
The data collected for the evaluation scales for activity (LCF), participation (DRS) and patient quality of life (Barthel Index) reflects the complexity of patients who enter neurological rehabilitation, and the great effort of the rehabilitation team to achieve significant improvements, although clearly the small sample size does not allow us to assess differences between the functional scales. In this connection, we observed that patients who developed pneumonia were more complicated subjects from a neurological standpoint, although only in 1 case (12.5%) was the cause attributed to ab ingestis problems, notwithstanding the high percentage of dysphagic subjects in artificial enteric feeding via NG and PEG tubes. Note that, in the literature, the problem of dysphagia in acute patients following stroke affects between 13% and 94% of subjects [35] and is responsible for between 17% and 60% of respiratory complications in acute settings [11, 12, 36] .
In conclusion, we can say that our study, notwithstanding the small sample size enrolled thus far, allows us to draw some significant conclusions with respect to our primary endpoint (frequency of pneumonia acquired during intensive neurological rehabilitation of severe brain injury subjects), and also with respect to the secondary endpoint (classification of infections and antibiotic therapies employed).
However, it is indispensable to continue the research and increase the sample size, also through multi-centre studies, to be able to evaluate the impact of hospital pneumonia on global patient outcomes, hospital stay durations, and the attendant financial burden, in order to confirm the data also presented by other researchers [37] . 
